This study presents EMA ͑electromagnetic articulography͒ data on articulation of the vowel /a/ at different prosodic boundaries in French. Three speakers of metropolitan French produced utterances containing the vowel /a/, preceded by /#/ and followed by one of six consonants /" $ , ) 2 b/ ͑three stops and three fricatives͒, with different prosodic boundaries intervening between the /a/ and the six different consonants. The prosodic boundaries investigated are the Utterance, the Intonational phrase, the Accentual phrase, and the Word. Data for the Tongue Tip, Tongue Body, and Jaw are presented. The articulatory data presented here were recorded at the same time as the acoustic data presented in Tabain ͓J. Acoust. Soc. Am. 113, 516 -531 ͑2003͔͒. Analyses show that there is a strong effect on peak displacement of the vowel according to the prosodic hierarchy, with the stronger prosodic boundaries inducing a much lower Tongue Body and Jaw position than the weaker prosodic boundaries. Durations of both the opening movement into and the closing movement out of the vowel are also affected. Peak velocity of the articulatory movements is also examined, and, contrary to results for phrase-final lengthening, it is found that peak velocity of the opening movement into the vowel tends to increase with the higher prosodic boundaries, together with the increased magnitude of the movement between the consonant and the vowel. Results for the closing movement out of the vowel and into the consonant are not so clear. Since one speaker shows evidence of utterance-level articulatory declension, it is suggested that the competing constraints of articulatory declension and prosodic effects might explain some previous results on phrase-final lengthening.
͑Keating et al., in press͒. Fougeron ͑2001͒ observed articulatory strengthening of the domain-initial segment in French using EPG, nasal airflow, and acoustic measures. As observed for /'/ in English by Fougeron and Keating ͑1997͒, the stop consonants in French show overall greater contact at higher prosodic boundaries, with the alveolars having greater alveolar as well as lateral contact, and the velars having greater and more forward contact. /2/ shows fewer effects of the prosodic boundary ͓in line with its resistance to coarticulatory strategies-cf. Recasens ͑1999͔͒. Fougeron also found that nasal airflow is lesser at higher prosodic domains: although this result may seem surprising at first, it can perhaps be explained by the fact that the nasal becomes more ''stoplike'' at the higher prosodic boundaries, and is hence maximally distinct from surrounding vowels. Finally, Fougeron found that vowels are more likely to be glottalized at stronger prosodic boundaries, a result in line with Dilley et al.' s ͑1996͒ results ͑a study which was not explicitly couched in terms of articulatory prosody, but which described results very much in line with articulatory prosody͒.
Cho and Keating ͑2001͒ examined Korean alveolar stop and nasal consonants. Their results were similar to Fougeron's ͑2001͒ results, with the exception of their VOT data, which showed significantly greater values for higher prosodic boundaries. Fougeron, by contrast, did not find any significant results for VOT values, possibly because VOT is quite short for both the unvoiced and the voiced stops in French. Cho and Keating also found that the ͑acoustic͒ nasal energy minimum was lesser in the higher prosodic boundaries. This was in complement to Fougeron's results on nasal airflow in French. Thus, both articulatory and acoustic measures suggest that nasals become less nasal, and therefore less vowellike and more stoplike, at higher prosodic boundaries. Cho and Keating found no significant effect of prosodic boundary on rms energy.
While the underlying articulatory strategies involved in producing these effects are not clear, the end result is ͑pre-sumably͒ enhancement of the speech signal for the listener, who is perhaps given some extra cues to the strength of the prosodic boundary in the signal.
Whereas the studies mentioned so far have looked at consonants using EPG and some acoustic measures, work by Byrd and colleagues has used EMA to look at certain aspects of vowel-consonant coordination at prosodic boundaries, in particular at lip movement in /V #C BILABIAL / sequences, where # denotes a prosodic boundary. Byrd and Saltzman ͑1998͒ examined lip movements in the sequence /&. ࠻ &/. They examined five prosodic boundaries ͑Utterance, Vocative, List, Word, and Syllable͒ and found that both the magnitude and the duration of the opening lip movement into the vowel, as well as of the closing movement into the second /&/, increased with the stronger prosodic boundaries ͑al-though the effect was more reliable for the opening movement than for the closing movement͒. Byrd et al. ͑2000͒ examined tongue tip and upper lip movement in Tamil /& # '/ and /' # &/ sequences, and found less overlap of gestures at the higher prosodic boundaries than at the lower prosodic boundaries. Byrd ͑2000͒ examined the tongue raising gesture for the vowel sequence /./ to /{/ in relation to an intervening /&/ in the sequence /. # &{/. Duration results at the prosodic boundary were consistent with previous results; however, for two of the three speakers, there was no consistent difference in relative /# CV/ timing according to prosodic boundary ͑the remaining speaker showed relatively later peak velocities for the vowel /{/ following a stronger prosodic boundary͒. These results are consistent with Fougeron and Keating's ͑1997͒ results in that prosodic boundary effects occur precisely at the edges of the boundary, and not internal to the prosodic unit.
It should be observed that these results in articulatory prosody are not completely unlike results on strategies used by speakers to mark stressed syllables in speech. For example, de Jong ͑1995͒ presents consonant data showing that stressed syllables have ''tighter'' closures than unstressed syllables, and Harrington et al. ͑1995͒ present vowel data showing that unstressed syllables are ''truncated'' versions of stressed syllables, with shorter duration and amplitude of movement, but similar peak velocities. For this reason, prosodic accent effects on speech could potentially be confused with effects of lexical stress. This becomes apparent if one considers that in studies of lexical stress, when the target word is uttered in isolation, effects of lexical stress may be compounded with effects of the nuclear pitch accent ͑Har-rington et al., 1998͒, with an end effect of much greater hyperarticulation of speech segments. As Harrington et al. ͑1998͒ showed, differences between primary-stressed and secondary-stressed syllables are greatly reduced if the effects of pitch accent are removed. This consideration is of importance to the present study, since French is a language in which lexical stress and prosodic accent cannot be combined, given that French has only prosodic accent, and no lexical stress. Therefore, differences in articulatory strategies at prosodic boundaries for the jaw and tongue, for example, must be due to the prosodic boundary itself, rather than to a combination of the boundary with the intrinsic realizations of lexical stress 2 ͑however, see the section ''Prosodic accent in French'' below for some qualifications regarding lexical stress and prosodic ''stress''͒.
It is perhaps worth noting that Fletcher ͑1991͒ has shown that French has similar effects of rhythm and final lengthening in accentual domains as do ''stress-timed'' languages such as English ͓syllables at the edges of domains show greater lengthening than do syllables internal to the domain-cf. Turk and Sawusch ͑1996͔͒. For this reason, it is expected that accentual effects on supralaryngeal articulation will be similar in French and English.
The following section contains a brief account of the prosodic structure of French.
B. Prosodic accent in French
In French, words do not carry lexical stress, but they can attract prosodic accent at the sentence level. Following Fougeron and Jun ͑1998͒, the prosodic structure of French is based on the accentual phrase ͑AP͒, which is dominated by the intonational phrase ͑IP͒.
According to Fougeron and Jun, the AP has the underlying tonal representation /L Hi L H*/, with a more common phonetic realization being ͑LH*͒ ͓their approach is based on Pierrehumbert ͑1980͒; Beckman and Pierrehumbert ͑1986͒, and subsequent work͔. The initial high tone, Hi, has been described as the peak of the ''accent secondaire;'' and the final high tone, H*, has been described as the peak of the ''accent primaire.'' The H* is realized on the phrase-final full syllable. In neutral utterances, the Hi, when it appears, is usually shorter and has a lower F0 value than the following H*. In these cases it is not considered to have a pitch accent. However, in producing a focused word, the Hi is often promoted to pitch accent status. As regards the L tone, it is realized on the syllable preceding the H tone syllable. The reader is referred to Jun and Fougeron ͑2000͒ for further discussion of the status of Hi and H*, respectively, as well as other issues of debate in the study of French prosody.
The IP is marked by a major continuation rise ͑H%͒ or fall ͑L%͒ and also by a significant final lengthening, often followed by a pause. 3 It has already been mentioned that French has no lexical stress, and that effects of the prosodic hierarchy cannot therefore be confused with effects of lexical stress. However, as just described, the AP is characterized by the presence of a pitch accent on the final syllable of the phrase. For this reason, placement of pitch accent and prosodic structure interact in French: the presence of an AP boundary, or any higher boundary, denotes the presence of a phrase-final pitch accent. Nevertheless, it is true that effects of lexical stress, rather than prosodic ''stress,'' cannot be confounded with effects of the prosodic hierarchy, and for this reason French is an important contrast to English in the study of articulatory prosody.
In the present study it is assumed that an Utterance dominates an Intonational-phrase level, which dominates an Accentual-phrase level, which in turn dominates a Word level.
C. Aims
Given the above discussions, a major aim of this study is to build on results from previous studies by looking at effects of articulatory prosody on different /aC/ sequences using EMA. Since previous studies had used EPG, often with reiterant speech ͑e.g., Fougeron and Keating, 1997͒, or had only looked at bilabial consonants using EMA ͑e.g., Byrd and Saltzman, 1998͒, the present study aims to examine various consonants, in particular lingual consonants, using EMA with real sentences instead of reiterated speech.
In particular, attention will be paid to the different articulators which contribute to the production of the vowel, in case they show differing patterns. This approach was adopted based on results presented in Harrington et al. ͑2000͒ which showed that the jaw and the tongue adopt apparently contradictory strategies in the articulation of stressed /{/-even though both the tongue and the jaw strategies are phonologically well motivated. Using as their point of departure the fact that the vowel /a/ becomes lower ͑and hence, due to a lower jaw position, more ''sonorous'' as well as more peripheral͒ in a stressed syllable, Harrington et al. examined the vowel /{/ in stressed versus unstressed syllables. Their motivation was the fact that a more peripheral vowel and a more sonorous vowel are less compatible in the case of a high vowel than in the case of a low vowel ͑since a more peripheral /{/ involves a greater constriction in the oral cavity, and hence reduces sonority͒. Harrington et al. found that speakers attempt to make the /{/ more peripheral by fronting the tongue, as well as making it more sonorous by lowering the jaw. It is therefore clear that both the increased sonority and increased peripherality strategies, which are on the surface contradictory, may be implemented by a single speaker.
These results are relevant to the present study because acoustic data presented in Tabain ͑2003͒ suggested that there may be an effect of articulatory declension ͑Vayra and Fowler, 1992; Krakow et al., 1994; Johnson and Martin, 2001͒ on the /a/ vowel at the Utterance boundary for one speaker. Briefly, articulatory declension predicts that supralaryngeal articulations become hypo-articulated the later they occur in an utterance, whereas articulatory prosody ͑as discussed above͒ predicts that supralaryngeal articulations are hyper-articulated at the beginnings and ends of utterances. For instance, in the one-word utterances in Creek examined by Johnson and Martin ͑2001͒, the acoustic vowel space is larger ͑and hence, the vowels more peripheral͒ in the first syllable than in the last syllable of the word. At an articulatory level, this phenomenon has been described for velum position in oral stop consonants by Krakow et al. ͑1994͒ , where the velum position is lower at the ends of utterances; and for vowel articulations by Vayra and Fowler ͑1992͒, where the /a/ vowel is higher at the ends of utterances ͑al-though results for /{/ were less clear͒.
Articulatory declension only applies in the spatial domain, and, for this reason, it is expected to have an effect on the consonant or vowel peak displacements, rather than on durations. Articulatory prosody, by contrast, describes effects both in the spatial and temporal domains, and would therefore have effects on both duration and on peak displacement. Furthermore, articulatory declension relates exclusively to the Utterance boundary, whereas articulatory prosody makes predictions about other kinds of boundaries as well. ͓Vayra and Fowler ͑1992͒ make the important point that the phenomenon of articulatory declension occurs at the level of the Utterance, rather than the Word for example, since this effect is often observed in isolated words.͔ Since the predictions made for the Utterance boundary by articulatory declension are contrary to those made by articulatory prosody, it is possible that different articulators may show different effects, as Harrington et al. ͑2000͒ observed in their study. For this reason, Jaw, Tongue Tip, and Tongue Body articulators will all be examined for different aspects of the /a/ vowel production.
In order to provide a basic description of the /aC/ sequences under study here, the following will be examined: vowel and consonant durations; percentage vowel duration of the VC syllable ͑this measure is used to examine whether the vowel or the consonant is more affected by prosodic boundary-it is expected that both vowel and consonant duration will increase with the strength of the prosodic boundary, but it is not clear which will be relatively more affected͒; peak displacements of the vowel and consonants; 4 magnitude, duration, and peak velocities of the opening and closing movements ͑into the /a/ and out of the /a/ respectively͒; and pathlength of the tongue movement during consonant closure.
The measures relating to movement perhaps require further explanation of hypotheses. Following various studies by Beckman, Edwards, and Fletcher ͑Beckman and Edwards, 1990; Edwards et al., 1991; Beckman et al., 1992͒ , it is expected that at the ends of stronger prosodic boundaries, articulatory movements will be greater in magnitude and duration, and that peak velocity will be concomitantly slower.
The measure of tongue pathlength during consonant closure ͑cf. Lofqvist, 1999͒ is included in order to further explore the relationship between the vowel and the consonant, since if the vowel is reduced more in time than the consonant, it is possible that much of the vowel movement occurs during consonant closure.
In sum, this study aims to provide a basic description of the articulation of /aC/ sequences at different prosodic boundaries in French, and to compare the results to certain previous results described in the literature.
II. METHOD

A. Speakers, stimuli, and recordings
Three native speakers of metropolitan French ͑two male-CV and GR-and one female-AV͒ were recorded in a sound-treated room. Articulatory ͑EMA-electromagnetic articulography͒ and acoustic data were recorded simultaneously and time-synchronized. Details on the collection and labeling of the acoustic data are given in Tabain ͑2003͒.
The Carstens Electromagnetic Articulograph at ICP in Grenoble was used for the collection of these data. Data were sampled at 200 Hz. EMA transducers were placed at four measurement points, and one reference point, for each speaker. The reference transducer was placed on the gums above the upper teeth. The four measurement points were the Jaw ͑transducer placed on the gums beneath the lower teeth͒; the Tongue Tip; the Tongue Back; and the Upper Lip ͑trans-ducer placed just above the vermilion border of the upper lip͒. The two tongue transducers were attached with Ketac bond and the reference, Jaw, and Lip transducers were attached with Cyano. Table I gives the distances of the Tongue Tip and Tongue Back transducers from the tip of the tongue for each speaker, as measured when the tongue was slightly protruded.
Stimuli consisted of four sentences ͑based on Fougeron, 2001͒, each containing a prosodic boundary of interest between the fourth and fifth syllables. These sentences were ͑with the intended type of prosodic boundary listed in brackets as follows͒:
͑1͒ Paul aime Tata. Baba les protège en secret. ͑Utterance͒ ͑2͒ La pauv' Tata, Baba et Paul arriveront demain.
͑Intonational phrase͒ ͑3͒ Tonton, Tata, Baba et Paul arriveront demain.
͑Accentual phrase͒ ͑4͒ Paul et Tata Baba arriveront demain. ͑Word͒
The consonant in bold was varied to be one of /" $ + ) 2 b/, and the vowel following this consonant was varied to be one of /a i u y ø/ ͑where ''ø'' is the vowel found in the word '')|É''͒. There was thus a total of 120 sentences ͑4 prosodic contextsϫ6 consonantsϫ5 vowels). Two of the speakers ͓AV ͑female͒ and GR ͑male͔͒ produced four repetitions of the corpus, giving a total of approximately 480 utterances. The second male speaker, CV, produced two repetitions of the corpus, giving a total of approximately 240 utterances. Speakers were encouraged to produce a final intonation contour followed by a pause for the Utterance boundary, and a continuation contour while avoiding a pause for the Intonational boundary. Speakers tended to read the stimuli for the Accentual boundary as a list.
Present at each recording were a phonetically trained, fluent though not native, French speaker ͑the author͒, and two native French speakers, both involved in speech research. To verify that the correct intonation had been produced for each utterance, a ToBl-trained French speaker ͑not present at the recording͒ listened to a random selection of utterances from speaker AV, and found that the F0 traces and auditory effect were consistent with her knowledge of Accentual-and Intonational-phrases in French. Based on this judgment, and on the presence of the three speech researchers mentioned above at the recordings, it was felt that the intonational data from speakers CV and GR were also natural.
The current paper focuses on the relationship between the /a/ at the end of ''Tata'' and the three stop and three fricative consonants following. Although the vowel following the consonant was varied, with the aim of examining vowel-to-vowel coarticulation, these results will not be presented here. Data are therefore collapsed across the different vowels following the consonant. 
B. Labeling and analysis environment
Details on the acoustic labeling can be found in Tabain ͑2003͒.
The articulatory data were labeled by hand using EMU ͑Cassidy and Harrington, 2001͒ and the R statistical package ͑Ihaka and Gentleman, 1996͒.
6 All analyses of the data were carried out using the EMU database speech analysis system ͑Harrington et al., 1993͒, interfaced with the R statistical package.
Prior to labeling, x-and y-data were smoothed using a Tukey's median filter with a window-width of three samples ͑i.e., 10 ms͒; values for the reference transducer were subtracted from values for the four movement transducers; and the resulting data were rotated according to the measured occlusal plane of the speaker. The kinematic signal was ex- amined from a point before the acoustic release of the second /#/ in ''Tata'' to a point after the acoustic offset of the consonant under investigation. All labeling of data was done in the y plane only ͑however, Jaw movement data are described in the x-y plane-see details below͒. Velocity was calculated as the first differential of this smoothed displacement signal, and this first differential was also smoothed using a Tukey's median filter. It should be noted that measurements from the Upper Lip transducer were not used. This is primarily due to the influence of the vowel following the consonant, which was originally varied with the aim of studying vowel-to-vowel coarticulation ͑see details on stimuli above͒. These vowels varied in rounding, making lip data according to the prosodic boundary more difficult to interpret. Jaw data will therefore be used instead of Upper Lip data for the labial consonants. It is of course recognized that the Jaw is not the end articulator for the labial consonants, and that data for these consonants will therefore not be as reliable as data for the lingual consonants ͑for which Tongue Tip and Tongue Body data are available͒. Figure 1 shows an example of the labeling criteria. These Tongue Tip, Tongue Body, and Jaw data are taken from speaker CV's utterance of the sequence /#a # s/, where an intonational-phrase boundary occurs between the /a/ and the /2/. The labeled points are marked as circles, and are explained in the following paragraphs.
Definition of measures
a. Duration and peak displacement. Duration and peak Displacement for the vowel and for the consonant were defined as follows (TTϭTongue Tip, TBϭTongue Body):
͑i͒ Vowel Duration preceding a lingual consonant-/$ , 2 b/-was defined as the difference in time between the TB displacement maximum for /#/ ͑the first point in the top right panel in Fig. 1͒ and the TB displacement maximum for the consonant ͑third point in the top right panel of Fig. 1͒ -or the onset of TB closure in the case of /,/. ͑ii͒ Vowel Duration preceding a labial consonant-/" )/-was defined as the difference in time between the TB maximum for /#/ and the Jaw maximum for the /"/ or /)/. ͑This approach was used for the labials because there was not always a TB closing movement for these consonants, since the vowel following the consonant varied.͒ ͑iii͒ Consonant Duration was defined as the difference between the articulatory closure and release of the active articulator ͓TT in the case of /$ 2 b/ ͑the third and fourth points on the top left panel in Fig. 1͒ , TB in the case of /,/, and Jaw in the case of /" )/͔. ͑iv͒ Vowel peak Displacement in the y-plane was defined as the TB minimum for the vowel ͑second point in top right panel of Fig. 1͒ . The Jaw minimum was also examined for the vowel ͑second point in bottom left panel of Fig. 1͒ . ͑v͒ Consonant peak Displacement was defined as the greater ͑''higher'' in articulatory terms͒ value of the closure and the release of the active articulator ͑TT in the case of /$ 2 b/, TB in the case of /,/, and Jaw in the case of /" )/͒. For example, in the top left panel of Fig.  1 , the onset of the closure is slightly higher than the release of the closure ͑though of course not significantly͒, and this point was chosen as the peak displacement value.
b. Tongue Body Pathlength. The TB pathlength is calculated as the sum of the Euclidean distances in an x-y plane between each TB sample during consonant closure. Since the TB is the active articulator for /,/, these data are presented for the other five consonants only. 7 Two sets of Movement data will be presented: data for the Opening movement from the /#/ into the /a/, and data for the Closing movement from the /a/ into the consonant. The following definitions apply:
FIG. 1. Tongue Tip, Tongue Body, and Jaw data from the same token of the sequence /#~# 2/, as spoken by speaker CV. The /a/ and the /2/ are separated by an Intonational-phrase boundary. Circles on each panel show the hand-marked measurement points. In each panel, the left-most point represents the maximum for the /#/, and the second point represents the /a/. In the TT panel, the third and final points represent the onset and offset of the closure for the /$/. Units on the y-axis are hundredths of a millimeter from the reference transducer.
c. Opening movement.
͑i͒
For the TB, Magnitude of the Opening gesture is defined as the difference between the ''release'' of the preceding /#/ and the minimum for /a/ ͑the first and second points in the top right panel of Fig. 1͒ . For the Jaw, Magnitude is calculated as the Euclidean distance in an x-y plane between the ''release'' of the preceding /#/ ͑first point in the bottom left panel of Fig. 1͒ and the minimum for /a/ ͑second point in the same panel͒. The x-values were taken at the handmarked y-values. This approach was adopted because Jaw movement is not perpendicular to the occlusal plane, and might even be described as a rotation in the x-y plane ͑Ostry and Munhall, 1994; VatikiotisBateson and Ostry, 1995͒. ͑ii͒ Duration of the Opening gesture is defined as the difference in time between the two values used to calculate Opening Magnitude. ͑iii͒ Peak Velocity for the Opening gesture is defined as the minimum value ͑since velocity of the opening movement is expressed in negative values͒ of the first differential of the movement in the y-plane of the articulator.
d. Closing movement.
͑i͒ Magnitude of the Closing gesture is defined as the difference between the minimum for /a/ of the active articulator ͑TT in the case of /$ 2 b/, TB in the case of /,/, and Jaw in the case of /" )/͒, and the onset of consonant closure for the same active articulator. ͑ii͒ Duration of the Closing gesture is defined as the difference in time between the two values used to calculate closing Magnitude. ͑iii͒ Peak Velocity for the Closing gesture is defined as the maximum value of the first differential of the movement in the y-plane of the articulator.
An important effect was observed during labeling, and is illustrated in Fig. 2 , which presents four TB signals from different tokens produced by speaker GR. All tokens are for the sequence /#a # b/, where the /a/ and the /b/ are separated by an Utterance boundary. The maxima for the /#/ and the minima for the /a/ are marked. What should be noted here is that following the minimum for the /a/, the articulator achieves what is apparently a neutral, rest position, lasting up to 100 ms in each case, before movement begins towards the /b/. In each panel except the bottom left, where it begins slightly later, this rest-plateau begins at about 400 ms. The rest-plateau position is clearly a reflection of the acoustic pause at the end of the Utterance. This was observed to be a reasonably common articulatory pattern for the Utterance boundary data, and it is likely that some of the effects of articulatory prosody discussed below are related to the presence of this pause. However, much smoother transitions from the /a/ to the following consonant were common as well at the Utterance boundary, so that the presence of the pause cannot fully account for the nature of the Utterance boundary. One might also note in passing that the opening movement from the /#/ into the /a/ in these panels shows a slowing down of the movement before the minimum for /a/ is reached.
It should be noted that for speaker AV, certain coronal consonant tokens were rejected due to excessive error on the TT transducer. However, the TB and Jaw data from these tokens were used ͑for example, for vowel duration data͒. Nine tokens in total were concerned.
The statistical test used is an ANOVA, followed by least significant difference posthoc tests. The posthoc tests are adjusted according to the Bonferroni method. An eta 2 analysis will also be presented for the various measures. This analysis describes the proportion of total observed variability accounted for by a given independent variable-in this case, prosodic boundary-and is presented as a value between zero and one.
Results will be presented in the following order: Duration data; peak Displacement data; pathlength data; and other Movement data. In each panel, circles represent ͑from left to right͒ the maximum for the /#/, and the minimum for the /a/. Units on the y axis are hundredths of a millimeter from the reference transducer.
III. RESULTS
A. Duration
Table II͑a͒ presents durational data based on the measures described above. Data are collapsed across consonant context, and are presented according to the prosodic boundary. Vowel duration, consonant duration, and the derived measure ''percentage duration of the vowel in the VC syllable'' are presented. Table II͑b͒ presents the significance results for the vowel duration and consonant duration data. It is evident that the values for the Utterance boundary are far greater than those for any other boundary. This is partly due to the presence of an acoustic pause between /a/ and the consonant for this boundary type ͑cf. Fig. 2͒ .
A pattern emerges in the durational data of greater duration the stronger the prosodic boundary. This is true for both the vowel and the consonant data, though there appears to be a slightly stronger effect for the vowel data. If the Utterance boundary is ignored ͑due to the presence of the pause, as mentioned above͒, it will be seen that the vowel takes up a slightly greater percentage of the syllable the stronger the prosodic boundary. This is consistent with a greater effect on vowel duration than on consonant duration of the prosodic boundary.
B. Peak displacement
1. Vowel Figure 3 shows TB and Jaw data for each of the three speakers. The vowel is /a/, preceding the six consonants examined in this study. Data are presented according to prosodic context. Table III presents the statistical significance results for these data.
It is evident that the TB position becomes lower the stronger the prosodic boundary. With one exception ͑the Utterance boundary for speaker GR͒, this is also true for the Jaw data. These effects were observed across consonant classes ͑separate data for each consonant class according to prosodic boundary are not presented here͒.
A note must be made of the Jaw data for the Utterance context in speaker GR's vowel articulations. As Fig. 3 shows, the Utterance context Jaw data are nested between the Accentual-phrase and Word contexts. This result is consistent with predictions made by the articulatory declension model ͑as outlined in the introduction section͒ since GR's Jaw data show hypo-articulation at the Utterance boundary. It should also be noted, however, that speaker GR's TB data are consistent with effects of the prosodic hierarchy. This point will be discussed further in the final discussion section. 
from a one-way ANOVA are presented in the first column, and posthoc pairwise comparisons are presented for adjacent pairs in the prosodic hierarchy in the second column ͑with p set at 0.017 following the Bonferroni method͒. The direction of the difference is marked by either ''Ͻ'' or ''Ͼ,'' or ''ϭ'' in the case where the result is not significant. In this and in subsequent tables, ''pϭ0.00'' means that the statistical program returned a value of p which was zero to six decimal places. In sum, with one exception ͑speaker GR's Jaw data͒, there is a strong prosodic effect on TB position and Jaw position in the vowel, with lower TB and Jaw positions at stronger prosodic boundaries.
͑a͒
Vowel duration ͑ms͒
Consonant duration ͑ms͒
Consonant
There was no effect of prosodic context on consonant peak displacement for either the TT, TB, or Jaw transducers. This is undoubtedly due to the fact that EMA, rather than EPG, was used for the present study, since EPG measures the extent of the tongue-palate contact rather than simply peak displacement of the active articulator. Other researchers ͑such as Fougeron and Keating, 1997; Fougeron, 2001; Cho and Keating, 2001͒ , using EPG, have found significant effects of prosodic boundary on amount of contact between the tongue and the palate. We turn now to a measure in which EMA provides more information than EPG does: the TB pathlength. Figure 4 presents data for the TB pathlength during consonant closure. Data are shown for each prosodic context, for each speaker. As explained earlier, data for /,/ are not included in these results due to the small amount of TB movement involved during closure. Table IV presents the statistical significance results.
C. TB pathlength during consonant closure
It can be seen that there is indeed an overall effect of prosody, though different speakers group the data in different ways. Speakers AV and GR clearly separate the Utterance data from the other data, 8 while speaker CV consistently separates the Word data from the rest.
D. Intraarticulator movement
The presentation of the Movement data will be split into two parts. The first part presents data for the Opening movement from the /#/ into the vowel /a/, and the second part for the Closing movement from the vowel /a/ into the following consonant. For the Opening movement, data will be presented according to prosodic boundary, but not according to the consonant context following the vowel ͑since no systematic effects from the consonant following the vowel could be found͒. For the Closing movement, data were examined according to the prosodic boundary for each consonant separately. However, only selected results will be presented from the Closing movement data, for reasons which will be discussed during the presentation.
Each set of data is analyzed using three measures. They are the Magnitude of the movement between the /#/ maximum and the /a/ minimum for the Opening movement, or between the /a/ minimum and the onset of consonant closure for the Closing movement; the Duration between these two respective time points for Opening movement and for Closing movement; and the peak Velocity of the movement, calculated as the maximum value ͑a negative value for Opening movement, since peak velocity is negative in this case, and a positive value for the Closing movement͒ of the first differential of the movement.
Since Opening Duration can be inferred from the total FIG. 3. Boxplots of TB and Jaw peak displacement for the vowel /a/, plotted according to prosodic boundary: ͑a͒ TB data and ͑b͒ Jaw data. The square in the middle of each box represents the mean, the box represents the standard error, and the whiskers represent the standard deviation. Units on the y axis are hundredths of a millimeter from the reference transducer. vowel duration data presented in Table II , these data are not plotted separately here. Likewise, since Opening Magnitude can be inferred from the Vowel peak Displacement data presented in Fig. 3 , these data are also not plotted separately.
Opening movement
It will be remembered from presentation of previous data that both Magnitude and Duration increase with the stronger prosodic boundaries. The exception is speaker GR's Jaw data at the Utterance boundary, which pattern between the Accentual-and Word-boundary data. Figure 5 shows boxplots for the peak Velocity of the Opening movement into the vowel for the TT, TB, and Jaw ͑note that data for the TT include only data from the coronal consonant-context, whereas TB and Jaw data include all consonants͒. Both TT and TB data are included here since the TT is responsible for the release of the /#/ closure, while the TB is responsible for the attainment of the /a/ target. ͑Al-though TT data were not presented for the vowel displacement data above, they patterned similarly to the TB data.͒ The Jaw data are included given the interesting results for speaker GR's Jaw data for the vowel /a/ at the Utterance level. Data for each speaker are presented separately according to the prosodic context. Table V presents the statistical significance results for the TT, TB, and Jaw Opening movement Magnitude, Duration, and Velocity.
It can be seen in Fig. 5 that there is a general trend for peak Velocity to increase the stronger the prosodic boundary. The pattern is stronger in the TT and TB data than in the Jaw data. This may be due to the fact that the TB and TT data include some contribution from the Jaw, or it may be that the Jaw, being a slower articulator which shows less overall movement than either the TT or TB, tends to be less prone to variation in peak velocity.
An important point to note from Table V is that speaker GR's data for the Jaw Opening Duration do not show a significant difference between the Utterance data and the Intonational-phrase data. The same is true for the peak Velocity data. These observations will be mentioned again in the final discussion section. Table VI presents eta  2 values for all of the data presented thus far.
It can be seen in Table VI that between about 55% and 75% of the variability in vowel Duration is accounted for by the factor of prosodic boundary, whereas only about 25% to 50% of the variability in consonant Duration is accounted for by the prosodic boundary ͑presumably, consonant identity accounts for a large proportion of the variability͒. It can also be seen that prosodic boundary accounts for more of the variance in TB vowel peak Displacement ͑between about 40% and 65% of the variability͒ than in Jaw vowel peak Displacement. Although the amount of variability accounted for by prosodic boundary for speaker AV's Jaw vowel peak Displacement is relatively small ͑8%͒, it is much greater for speaker CV ͑47%͒ and still quite important for speaker GR ͑19%͒. Prosodic boundary was also a very important factor in the TB pathlength during consonant closure ͑between 27% and 78%͒ and for the Opening movement Magnitude and Duration of all the articulators. The effect of prosodic boundary on peak Velocity was reasonably important for the TT ͑between 15% and 20%͒, but less so for the TB and Jaw for speakers AV and GR. However, for speaker CV, the effect of prosodic boundary on TB and Jaw peak Velocity was very important ͑54% and 26%, respectively͒. To summarize the section on Opening movement: there is a strong effect of prosodic boundary on the Magnitude of the movement between the /#/ and the /a/ ͑with increased magnitude the stronger the prosodic boundary͒, on Duration ͑with increased duration the stronger the prosodic boundary͒, and on peak Velocity ͑with increased velocity the stronger the prosodic boundary͒. It can be hypothesized that while speakers AV and GR rely mainly on increased duration to effect the increased magnitude at the higher prosodic boundaries ͑since their Duration results are more affected by prosodic boundary than their peak Velocity results͒, speaker CV uses a combination of increased duration as well as increased peak velocity to cover the greater magnitude in the higher prosodic boundaries ͑as evidenced by his eta 2 results͒. The results showing increased peak Velocity at stronger prosodic boundaries, together with increased Magnitude and Duration, are consistent with known strategies to effect an increased distance between targets: a speaker can either increase duration, or increase velocity, or both ͑Nelson et al., 1984͒. However, these results are also contrary to other results in the literature ͑e.g., Beckman and Edwards, 1990; Edwards et al., 1991; Beckman et al., 1992͒ , which have reported increased lengthening and decreased velocity at stronger phrase boundaries. This apparent contradiction in the present results will be discussed further in the final section.
Data are now presented for the Closing movement.
Closing movement
Several observations can be made regarding the data for the Closing movement. First of all, the results are more difficult to interpret than the results for the Opening movement. While this may be due to the fact that, in the present study, one of six consonants could follow the open vowel, whereas the vowel was preceded only by /#/, one could equally note that Byrd ͑2000͒ encountered similar problems in analyzing the Closing movement for the sequence /&. # &{/ at various prosodic boundaries. Byrd found greater intersubject differences in interarticulator timing for the Closing movement than for the Opening movement of the /./, and, indeed, in the present study, there was much less consistency in the Closing movement data than in the Opening movement data. The differences between the Closing movement and the Opening movement will be mentioned again in Sec. IV.
An examination of the Closing movement data showed that the results were similar to the Opening movement results as regards the Magnitude and the Duration of the movement. Significance results according to prosodic context for TB pathlength during consonant closure. For each speaker, results from a one-way ANOVA are presented in the first column, and posthoc pairwise comparisons are presented for adjacent pairs in the prosodic hierarchy in the second column ͑with p set at 0.017 following the Bonferroni method͒. The direction of the difference is marked by either ''Ͻ'' or ''Ͼ, '' or ''ϭ'' However, as regards peak Velocity, there was little consistency across speakers for the different consonants. The striking exception was the TB data for /,/, which were most consistent across speakers. It might be hypothesized that this result for /,/ is due to the fact that the TB is actively involved in the closure of the /,/; for this reason, the TT data for /$/ were also examined a little more closely. It will be seen below that the pattern is not as strong for /$/ as it is for /,/. Figure 6 presents the TT data for /$/ and the TB data for /,/ according to prosodic contexts for all three speakers. 9 For ease of presentation, data are normalized by subtracting the mean and dividing by the standard deviation ͑Lobanov normalization͒. The normalization for this figure was carried out across all the data for the given articulator, i.e., data for the TT were normalized across /$ 2 b/ and data for the TB were normalized across /$ , 2 b/. The Magnitude, Duration, and peak Velocity data are superimposed on the plot for each consonant. Table VII gives the statistical significance results for these data.
It can be seen in Fig. 6 and Table VII that the results for Closing movement Magnitude and Duration are very similar to the results for Opening movement Magnitude and Duration ͑i.e., with greater Magnitude and Duration the stronger the prosodic boundary͒. However, the results for Closing movement peak Velocity are quite different to those for the Opening movement. There is a tendency, particularly for /,/, for peak Velocity to increase at the weaker prosodic boundaries, rather than at the stronger prosodic boundaries, as was the case with the Opening movement data. However, the pattern is not so clear for /$/, where only speaker CV seems to show the same pattern as for /,/, but without the results reaching statistical significance. Moreover, speaker GR has statistically significant results for /$/ peak Velocity which fail to show expected effects of the prosodic hierarchy altogether.
It is perhaps worth noting that once again, the strongest differences are observed between the Utterance and the Intonational boundaries, in particular with respect to Duration and peak Velocity. This is quite possibly due to the presence of the pause at the Utterance boundary ͑as seen in Fig. 2͒ . Clearly, the much greater Duration between the vowel target and the consonant target means that peak Velocity is much lesser in this context. The effect of the pause on articulatory timing needs to be explored further, but unfortunately this is beyond the scope of the present paper.
As mentioned above, the Closing movement results are FIG. 6 . Plots showing the interaction between Magnitude, Duration, and Velocity for ͑a͒ TT data for /$/ and ͑b͒ TB data for /,/ for all three speakers. Data are Lobanov-normalized for ease of presentation ͑see text for details͒. much more stable across speakers for /,/. The TB movement for /,/ is of course greater than for other consonants given that the TB must achieve full closure for /,/ but not for the other consonants. This can be seen in Fig. 6 by the fact that the mean Magnitude of the movement is greater than zero ͑these Lobanov-normalized data were generated across all the TB data, and not just across the TB data for /,/͒. It can also be seen in Fig. 6 that the mean Duration for /,/ is less than zero-hence, the mean Duration for /,/ is less than that of the other consonants. It could also be suggested that there is very little variability in Duration for /,/, since for speakers AV and CV, the difference in Duration between the three weaker prosodic boundaries is not statistically significant. This is contrary to Duration results for the Opening movements of these two speakers. It might therefore be inferred that the difference in Duration across prosodic boundaries for the /,/ Closing movement does not make up for the difference in Magnitude of the movement, and that as a result, peak Velocity must increase at the weaker prosodic boundaries. Based on the results for /,/, it might be concluded that the articulator active in achieving consonant closure shows an increase in peak Velocity at the weaker prosodic boundaries. However, the fact that the results were not so clear for /$/ suggests that caution is needed with this interpretation of the results. Why the results should be clear for /,/ and not for /$/ is not immediately apparent. ͑It should be noted in passing that neither the TT nor the TB data gave consistent results across speakers for the sibilant fricatives' peak Velocity data.͒ It is possible that the timing of the peak Velocity with respect to movement duration will provide additional information. A brief examination of peak Velocity timing suggested that there were indeed prosodic effects to be found, though as with the peak Velocity data presented above, the results would not be uniform across consonant contexts. Table VIII shows the eta 2 results for the Closing movements of /$/ and /,/. While it is not straightforward to compare these results directly with those of the Opening movement ͑since the Opening movement data had different consonants following the /a/͒, it should nevertheless be observed that these results show a very strong effect of the prosodic boundary on the Closing movement. It should be remembered that the eta 2 analysis is not affected by the number of tokens, so that the smaller number of tokens analyzed in the Closing movement should make no difference to the amount of variance accounted for. One might tentatively conclude that the prosodic hierarchy has at least an equal effect on the Closing movement as on the Opening movement.
In sum, the Magnitude and Duration data of the Closing movement are similar to those of the Opening movement ͑both are greater at stronger prosodic boundaries͒, whereas the peak Velocity data show the opposite pattern to that observed for the Opening movement: for the Closing movement, peak Velocity tended to increase at the weaker prosodic boundaries, whereas for the Opening movement, peak Velocity tended to increase at the stronger prosodic boundaries.
TABLE VII. Significance results according to prosodic context for the closing movement into the consonant /$/ ͑for the TT data͒ and the consonant /,/ ͑for the TB data͒ out of the vowel /~/. For each speaker, results from a one-way ANOVA are presented in the first column, and posthoc pairwise comparisons are presented for adjacent pairs in the prosodic hierarchy in the second column ͑with p set at 0.017 following the Bonferroni method͒. The direction of the difference is marked by either ''Ͻ'' or ''Ͼ, '' or ''ϭ'' 
IV. DISCUSSION
Throughout this paper, many effects have been observed of the prosodic hierarchy at the boundary between two prosodic units at the same hierarchical level. Quite often, though not always, the Accentual-phrase and Intonational-phrase boundaries were treated as a single class. The Utterance boundary and Word boundary, by contrast, were almost always treated as a separate class, each on its own in terms of Magnitude, Duration, and Velocity of movement. Thus, the present data suggest that in French, major articulatory adjustments occur for pausing ͑Utterance versus other boundaries͒ and for the presence or absence of a major phrasal boundary ͑Word versus other boundaries͒. The present data do not appear to support a view of the prosodic hierarchy where different phrasal categories ͑in this case, Accentual-versus Intonational-phrase͒ give rise to statistically different articulatory behavior. Whether this result is coincidence due to a small number of subjects or a true reflection of suprasegmental prosodic organization in French can only be determined by further studies of French articulatory prosody.
The discussion below will focus to a large extent on the result shown by speaker GR's Jaw data. At this point, it is worth emphasizing that this focus is on one prosodic condition for one articulator for one speaker. The remaining data all strongly support the view of the prosodic hierarchy in which supralaryngeal articulations are strengthened the stronger the prosodic boundary. The reader is asked to keep this in mind during the discussion below. However, the implications of GR's Jaw data results are important, and although they are apparently only a small part of the system, they are nevertheless an important part that must be accounted for.
Before going on to speaker GR's Jaw data, it is worth recalling the observation, made in the Introduction, that articulatory strategies used to delineate prosodic boundaries are very similar to strategies used to mark stress ͑cf. de Jong, 1995͒. de Jong et al. ͑1993͒ showed that coarticulatory resistance is weaker when stress is also weaker. It is tempting to paraphrase their conclusion to describe the present results, saying that coarticulatory resistance is weaker ͑for /a/͒ the weaker the prosodic boundary. However, there is at least one set of results for which the analogy breaks down: the TB pathlength data. It is often thought that the greater the TB movement during consonant closure, the greater the coarticulation ͓since the gesture for the vowel overlaps more in time with the closure for the consonant-cf. Lofqvist ͑1999͔͒. In the present results, however, the greater TB movement is found at the stronger prosodic boundaries, which are the ones we have just referred to as being more resistant to coarticulation. This is no doubt due to the fact that duration is greater at stronger prosodic boundaries. It is nevertheless clear that comparisons between coarticulatory strategies and strategies to delineate prosodic boundaries must be made very carefully indeed.
We turn now to the two sets of unusual results observed in the present study: ͑a͒ speaker GR's Jaw data at the Utterance level, and ͑b͒ the increase in peak Velocity together with an increase in Magnitude and Duration of the opening movement at the stronger prosodic boundaries. The first set of results is contradictory in the sense that GR's Jaw Utterance data do not pattern in accord with the prosodic hierarchy. The second set of results is contradictory in that it goes against previous results in the literature showing that at the ends of large phrases, duration becomes greater while velocity decreases. The two sets of unusual results will be discussed in turn.
It was mentioned above that speaker GR's Jaw results in the Utterance context may be due to articulatory declension ͓and that acoustic data presented in Tabain ͑2003͒ support this view͔. It has already been noted that the articulatory prosody and articulatory declension approaches are mutually incompatible with regard to the Utterance: articulatory declension predicts that articulations are greatly reduced at the end of an utterance, whereas articulatory prosody predicts that they are strengthened at the end of an utterance. ͑Of course, both approaches predict a strengthening of the articulation at the beginning of an utterance.͒ A full discussion of these apparently competing constraints is beyond the scope of this paper. However, a few speculative comments will perhaps prove useful.
It may be noted, first of all, that the effects of the prosodic hierarchy are linguistically motivated ͓like both of the competing constraints in Harrington et al.'s ͑2000͒ study͔, whereas the motivation for articulatory declension is less well understood ͑biological control?͒. One might suggest that the purpose of representing the prosodic structure of an utterance in the supralaryngeal articulations ͑in addition to the F0 structure and the rhythmic structure of the utterance͒ is to provide the listener with extra cues to the linguistic structure of the utterance. This is then a listener-oriented function of speech, as described in the Hyper-and HypoSpeech model of Lindblom ͑1990͒. By contrast, it could be argued that the purpose of having articulations become more ''lax'' as the utterance becomes longer is to save articulatory effort on the part of the speaker ͑a speaker-oriented effect͒. Such declension is assisted by the fact that during online processing of speech, the number of ''candidate'' words or syllables is reduced as the utterance becomes longer ͓see Cutler et al. ͑1997͒ for a summary͔, so that the listener is less in need of cues to the identity of individual consonants and vowels. It may be that in a more natural setting, where communication is less listener-oriented due to the role played by semantics, pragmatics and syntax in constraining the set of consonants and vowels which can occur later in the utterance, the effects of articulatory declension are more prevalent than they are in the laboratory, and more speakers would show articulatory declension at the ends of utterances. ͑One could hypothesize that speaker GR may permit articulatory declension at the Utterance level-so that there is a resetting with each new utterance-whereas within the Utterance, effects of the prosodic hierarchy are in operation.͒
In the sense that speech serves a communicative function, it is important to note that the competing constraints on GR's TB and Jaw vowel articulations are resolved in the acoustic data ͑Tabain, 2003͒ in favor of articulatory declension, with centralization of the vowel at the end of the Utterance. The lower F1 associated with such centralization is most likely due to the fact that the first formant of a low vowel, where there is no critical constriction in the vocal tract, is largely determined by the size of the orifice at the anterior end of the vocal tract.
Turning to the second apparent contradiction mentioned above in relation to the present dataset, it is possible that the articulatory declension results observed in speaker GR's data may explain why previous studies looking at phrase-final lengthening did not necessarily find an increase in peak velocity between phrase-internal and phrase-final gestures, despite differences in duration given similar magnitude. Previous studies on phrase-final lengthening ͑Beckman and Edwards, 1990; Edwards et al., 1991; Beckman et al., 1992͒ primarily looked at phrase-final position versus phraseinternal position. Although the phrase-internal boundary could be between two words ͑''Pop # opposed''͒ or between two syllables ͑''Pop#pa posed''͒, 10 the phrase-final position was always some sort of Intonational-phrase boundary. There was therefore no Utterance level nor an Accentual-phrase level controlled for explicitly. Although the studies by Beckman and colleagues were designed to examine the effects of stress, pitch-accent, and tempo as well as prosodic effects ͑and are therefore not completely comparable with the present study͒, it was apparent that phrase-final gestures in their studies were longer and slower than phrase-internal gestures, with no apparent difference in the magnitude of the gesture. However, if one allows that the effects of articulatory declension may have applied at the phrase-final position of these utterances ͑as evidenced by speaker GR's Jaw data in the present study͒, then it can be understood that there would be no difference in magnitude of the movement between phrase-final and phrase-medial position for these utterances, since the phrase-medial position is a simple Word ͑or Syllable͒ boundary. In turn, due to the fact that duration is greater in phrase-final position, peak velocity in this position is lesser. To lend some support to this interpretation, it should be noted that although speaker GR's Opening movement peak Velocity was significantly greater in the Utterance context for the TT and TB ͑which did not show effects of articulatory declension͒, there was no significant difference in the Utterance context for the Jaw data ͑which did show an effect of articulatory declension͒.
It will be recalled that results for the VC closing movement did not show the clear trends of increasing peak velocity with stronger prosodic boundaries that the CV opening movement data showed. In fact, there appeared to be a trend for peak velocity to increase with the weaker prosodic boundaries in the VC movement. Kozhevnikov and Chistovish ͑1965͒ hypothesized that CV syllable onset movements ͑in the present study, the opening movement into the vowel /a/͒ constitute elementary planning units for speech production. It could further be hypothesized that the VC movement dynamics depend on the time available between the end of the preceding CV movement and the start of the following CV movement. Under such a view, the dynamics of the VC movement would be much more variable than those of the CV movement, and indeed this appears to be the case in the present data.
It is also worth pointing out that the results on phrasefinal lengthening reported by Edwards and colleagues relate to the closing movement into a bilabial consonant, whereas in the present study, phrase-final position is the opening movement into a low vowel. Given the hypotheses regarding CV vs VC syllable timing just outlined above, it is clear that much work remains to be done in order to fully describe the interaction of prosodic boundary with syllable structure for the many different speech segments that humans can produce.
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analysis of several acoustic measures ͑vowel and consonant duration, and F1 and F2͒ showed that the effects of following vowel were minimal ͑al-ways less than 10%, and usually less than 5% of the variance accounted for͒ compared to the effects of prosodic boundary ͑usually well above 50% of the variance accounted for, except for consonant duration, which is not as affected by prosodic boundary as vowel duration is-see results below͒. 6 It was felt that hand-labeling was more reliable than automatic labeling of the data, which seemed to be prone to error. However, in order to determine whether test-retest reliability would be an issue with the hand-labeled data, a comparison of the means and standard deviations of the hand-labeled versus automatically labeled data was carried out for the vowel TB and Jaw displacement minima for speaker CV. Once errors had been removed or corrected for the automatic data, it was found that there was minimal difference between the two methods. 7 The TB may of course move during closure for /g/. However, as Lofqvist and Gracco ͑2002͒ have shown, this movement is minimal compared to the movement during closure for consonants where the TB is not the active articulator. 8 An additional four tokens were removed from speaker AV's data, due to the duration of the consonant closure being less than 5 ms ͑i.e., less than the time between successive EMA samples͒. The consonants concerned were /$/ and /2/. 9 It will be noted that the Closing movement Jaw data are not presented. This is mainly because the Velocity data were both inconsistent across speakers, and because they did not show any effect of the prosodic hierarchy. In particular, the Jaw data did not give any useful information regarding Ve-locity for the Closing movement into /"/ or /)/-presumably, the lower lip, which was not recorded, would give more useful information for these consonants.
10
A Syllable boundary was originally included in the present study. Although the Syllable-boundary context data were recorded, they could not be used since it was later discovered that the phonetic context was not comparable to that of the other sentences.
